Introduction
The solid state chemistry of uranyl -containing inorganic compounds is very rich in diversity. In particular, the association of hexavalent uranium polyhedra and oxoanion such as silicate, phosphate, vanadate, molybdate, tungstate. . . constitutes a true building set leading to structures with varied architectures and dimensionalities, although there is a tendency to form layered structure due to the presence of uranyl bonds that preclude the connection in a third dimension. The basic building units are the uranium polyhedron, which can be hexagonal bipyramid, pentagonal bipyramid or distorted octahedron and the oxoanion which can be tetrahedron, square bipyramid or octahedron. The structural arrangement depends on many factors, such as the U/oxoanion ratio, that influence the degree of polymerization between the uranium polyhedra which can be connected directly through equatorial oxygen atoms or through the oxo -anions polyhedra.
Our group of research mainly focuses on the solid state chemistry of uranyl-vanadates compounds [1] [2] [3] [4] [5] [6] [7] . In almost the studied oxides, the association of uranyl polyhedra through vanadate oxoanions leads to bi-dimensional anionic sheets with contercation in the interlayer space. However in a recent paper, we described a novel three-dimensional open -framework uranyl-vanadate obtained using small monovalent ions (Li and Na) [8] .
Owing to the potential applications for this type of materials (radioactive waste management, uranium geochemistry, ion-exchange and catalysis), a series of reactions was conducted in order to obtain new open-framework uranyl-vanadates. One approach for designing novel layered and microporous uranium-bearing materials is to exert influence over structural features through the introduction of templating agents. Amines have historically been used as charge balancing, space filling and templating agents in various systems including molybdate [9] [10] [11] [12] [13] , phosphate [14] [15] [16] [17] [18] , phosphite [19] , selenate [20] , selenite [21] , arsenate [17] sulfate [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and fluoride containing compounds [18, [31] [32] [33] [34] [35] [36] [37] [38] [39] but organically templated uranyl-vanadates systems remained unexplored so far.
The materials described in the present paper were obtained by means of reactions of inorganic species and U/V ratio equal 1 with excess of amines under hydrothermal conditions. Two linear diamines of different length (1,2-ethylenediamine (en), 1,3-diaminopropane (dap)) and three cyclical diamines based upon piperazine (piperazine (pip), 1-methylpiperazine (mpip) and 1,4-diazabicyclo[2,2,2]octane (dabco)) were employed so as to vary the structures of the organic templates from a reaction to an other. Syntheses led to six new layered uranylvanadates which crystal structure and thermal behavior are reported herein. (15.1g, 840mmol) . The mixture was heated at 180°C for 30 days. Absence of ammonium in the starting reactants indicates that the formation of ammonium ions must involve the in situ decomposition of ethylenediamine. Amines decomposition under hydrothermal conditions has previously been observed using pyridine [40] , imidazole [41] , and guanidinium amines [42] [43] [44] [45] . It is worth noting that we were enable to obtain (NH 4 and piperazine (pip). The single crystals grew from mdpip when the presence of pip in the remaining solution was unambiguously proved by 13 C RMN.
Experimental
The purity of the compounds was checked using X-ray powder diffraction. The X-ray powder patterns of the bulk samples can be fully indexed on the basis of the theoretical data calculated from the crystal structure results which evidences that pure phases are obtained.
For compounds 1, 4, 5 and 6 crystals suitable for single crystal X-ray diffraction experiments have been isolated under optical microscope.
Crystal structure determination
Selected crystals of 1, 4, 5 and 6 were mounted on a glass fibber and aligned on a Bruker SMART CCD X-ray diffractometer. Intensities were collected at room temperature using MoKα (λ = 0.71073 Å) radiation selected by a graphite monochromator. The individual frames were measured using a ω -scan technique. Omega rotation and acquisition time were fixed at 0.3° and 20 s per frame, respectively. 1800 frames were collected in order to cover the full sphere. The Bruker program SAINT [46] was used for intensity data integration and correction for Lorentz, polarisation and background effects. After data processing, absorption corrections were performed using a semi-empirical method based on redundancy with the SADABS program [47] . Details of the data collection and refinement are given in Table 2 .
The crystal structures were determined in the centrosymmetric space groups P2 1 /c for 1, P2 1 /b for 5 and C2/m for both 4 and 6. A non-conventional setting was chosen for 5 so that the layers described hereafter are always in the (1 0 0 ) plane for 1, 5, 2 and 3 compounds.
The heavy atoms (U, V) positions were established by direct methods using SIR97 program [48] . The oxygen, nitrogen and carbon atoms were localised from difference Fourier maps.
The last cycles of refinement included atomic positions and anisotropic displacement parameters ADP for all atoms, excepted for partially occupied sites. Full-matrix least-squares structure refinements against F were carried out using the JANA2000 program [49] . The atomic positional parameters and displacement parameters are given in Table 3 -compound 1, Table 4 -compound 5 and Table 5 -compounds 4 and 6. Some selected interatomic distances are reported in Table 6 -compounds 1 and 5, and Table 7 -compounds 4 and 6.
As no suitable crystals could be found for the 2 and 3 samples, crystal structure models were checked using X-ray powder diffraction data. The data were collected by means of a Huber G670 diffractometer using an asymmetric Guinier flat sample transmission geometry, equipped with a 2D detector (Image Plate) covering the 2θ range [6 -100°] Johanson monochromator. For the ethylenediamine containing compound 2, the powder was dehydrated before measurement by heating the sample at 200°C for 1 hour. For the two compounds, structural models containing only the uranium -vanadium -oxygen sheets with distances constrained to the values calculated for the compounds 5 and 1, respectively are used and led to the results reported in Table 8 .
For compound 2, the b and c parameters correspond to a carnotite -type layer, however the space group symmetry operations are incompatible with such a structure and as we could not find any structurally related compound, we attempted to solve the structure of compound 2 by ab initio procedures. The pattern decomposition option of the JANA2000 package [49] was used to extract corrected structure factors from a limited region of the diffractogram (6<2θ<60°). The pattern was fit without any structural model by refining the overall parameters: background, unit-cell parameters, zero-point error, peak shape (pseudoVoigt). The refinement converged to Rwp = xx and Rp = xx%. A total of xxx reflections were used as input to the direct-methods SIR97 program [48] . The positions of two U atoms were derived from this method. At this stage, the positions of the V atoms were deduced from a difference-Fourier map. Then, after refining the heavy atoms position and ADP, another difference-Fourier map revealed O atoms. At this stage we used soft constraints in the U -O and V -O bonds to avoid the structure blow up and to keep a reasonable geometry for the anionic sheets. Unfortunately, probably due to the high contrast between the U and (C -N -H) atoms of the amines, we were not able to see these last types of atomic species in a last difference-Fourier map. Without these "light" atoms and refining all positional parameters Rwp dropped to 1.80 %. Refining isotropic temperature factors freely resulted in some negative values. It is well known that temperature factors, for complex structures with heavy cations and medium resolution X-ray powder data, are quite unreliable. Hence, we decided to refine an overall isotropic temperature factor for U and V atoms and to fixe an overall temperature factor for the oxygen atoms. The refined positional parameters are reported in Table 9 .
For the compound 3, the values of the cell parameters and the XRD pattern are very similar to those of uranyl vanadates of divalent A cations built from carnotite type layers. The space group deduced from the X -ray powder pattern indexation, Pmcn, is adopted for A = Ca [50] , Mn, Co [51] , Ni, Cd, Zn [52] . The precise lattice parameters were obtained from profile matching and, using the structural model of the divalent carnotite-type compounds layers, the reliability factors reported in Table 8 are obtained.
High temperature X -ray diffraction
The high temperature X-ray powder diffraction patterns were recorded using a Guinier Lenné moving film camera. The samples were deposited on the sample holder (gold grid) using an ethanol slurry which yielded, upon evaporation, a regular layer of powdered compound. The high temperature X-ray diffraction patterns were recorded in the temperature range from 20 to 600°C with a heating rate in the range [12 -15° h -1 ].
Thermal analysis
The thermal analyses were performed on a Setaram TG-DT 2-16.18 apparatus.
Analyses were undertaken in air, in the temperature range from 20 to 600°C, with a heating rate of 300° h -1 , in platinum crucibles.
Results

Cation coordination polyhedra
For all the studied compounds, each of the uranium atom is strongly bonded to two oxygen atoms forming a nearly linear uranyl cation (UO 2 ) 2+ with a O -U -O bond angle ranging from 178.6(4) to 179.5(3)° and U -O bond lengths ranging from 1.775 (8) [55] .
In structures 4 and 6, the vanadium atoms occupy one crystallographic site with tetrahedral environment. The tetrahedra are slightly distorted with V -O distances in the range from 1.721 (7) 
Structural connectivity
The structural building unit block, with labelled scheme, constituted from two edgeshared UO 7 pentagonal bipyramids and two edge-shared VO 5 square pyramids is shown on (Fig. 3a) . In compound 3 there is a second layer, labelled b, deduced from P by a (1 0 0) mirror plane. P and b layers alternate to yield a PbPb sequence (Fig. 3b) Fig. 2a . Compounds 2 and 5 are built from sheets with the same anion topology and with the same occupation of pentagons by U, squares by V and empty triangles, but, in contrast with all the carnotite-type layer containing compounds described up today (Fig. 2b) , half of the V 2 O 8 units are reversed compared to the P sheets (Fig. 2c) . A V 2 O 8 dimmer can be referenced as ud with a tetragonal pyramid that point up and one down. In P layers the dimers alternate, along [0 1 0], to form the isomer ud/du, in opposite, the new anionic layer, labelled P' hereafter, represents the ud/ud geometrical isomer. In compound 5, a layer b' is deduced from P' by a two fold axis running along c axis so as the stacking sequence is P'b'P'b' (Fig. 3d) while the stacking sequence in structure 2 can be described as P'P'P'P' (Fig. 3c) . Along which corresponds to the geometrical isomer du/du as defined by Locock et al. [60] . The three dimensional structure results from the alternate stacking of inorganic layers and sheets of protonated amines and occluded water molecules.
It should be noticed that with triethylamine, Locock and Burns [17] obtained the same structural arrangement but with another geometrical isomer of the uranyl arseniate layer whereas with dabco molecules an autunite-type uranyl arseniate layer is formed.
Interlayer space occupation
In order to study the role of amine on the structural arrangement of the uranylvanadates, the location and connectivity of amines in the interlayer space was systematically investigated for the single crystal studied compounds.
Projected along [1 0 0], the interleaving NH 4 + cations in 1 appears at the centre of the inoccupied triangles of the francevillite anion -type topology (Fig. 5) observed in diamine templated uranium sulfates [26] .
Thermal behaviour
For compound 1, a one-step decomposition from (NH 4 
Conclusion.
For the five studied structure directing diamines, uranyl vanadates layers with formula 
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